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Induction of Protective Immunity against Schistosoma
mansoni Infection by Antigens Purified from PIII, a Fraction
of Adult Worm, Associated to the Downregulation of
Granuloma Formation

Shauma Gustavson, Sérgio Costa Oliveira, José Bento Alves*, Alfredo
Miranda Goes/*

Departamento de Bioquimica e Imunologia *Departamento de Morfologia, ICB, Universidade Federal de
Minas Gerais, Caixa Postal 486, 30161-970 Belo Horizonte, MG, Brasil

This study was performed in order to defdehistosoma mansoantigens able to function as modu-
lator agents in BALB/c mice granulomatous hypersensitivity to parasite egg. The antigens P-24, P-35
and P-97 were purified by affinity chromatography from a fractio® ofnansonadult worm antigenic
preparation, denominated PIIl, involved in the inhibition of granulomatous response to eggs. Immuni-
zation of mice with these antigens, in the presenc€af/nebacterium parvuand Al(OH) as adju-
vant, induced a significant protection degree against challenge infection, as observed by the decrease
on worm burden recovered from portal systémvitro blastogenesis assays revealed that purified anti-
gens were able to induce significant proliferation of spleen cells #omansoninfected mice. This
protection was correlated to significant decrease in granuloma size induced by PIIl. From these results,
we concluded that PIII preparation contains antigens capable of mediating protective anti-parasite
immunity and down-regulating granulomatous hypersensitivi§. tmansoneggs.
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One of the features of schistosomiasisinderstanding of the complex immunoregulatory
immunobiology is the gradual and spontaneousvents that modulate the evolution of granuloma-
reduction in the size of granulomatous inflammatous hypersensitivity t&. mansoneggs and the
tion around the continuously incoming eggs. Thidasis of protective immunity in man (Butterworth
phenomenon, termed immunomodulatiorl992). Several experimental approaches have been
(Andrade & Warren 1964), has been the subject 6firried out to identifis. mansorantigens that elicit
numerous studies showing the participation of celF cell proliferation and granuloma formation, in-
lular as well as subcellular mechanisms in regulsluding parasite antigens purified by conventional
tion of granulomatous process (Goes et al. 199purification techniques (Carter & Colley 1979,
Cheever et al. 1992, Rezende et al. 1998). Payares et al. 1985, Harn et al. 1989, Lukacs &

Therefore, the identification dchistosoma Boros 1992), by affinity chromatography with
mansoniantigens and an assessment of their rol@onoclonal antibodies (Dissous et al. 1982, Harn
in host-parasite interaction, notably in the preveret al. 1985, Smith & Clegg 1985, Hsu et al. 1986,
tion or decrease in granuloma size by immunizadirsch et al. 1997) or by recombinant DNA tech-
tion procedure, are essential for the developmeRplogy (Boulanger et al. 1991, Jeffs et al. 1991).
of an anti-schistosome vaccine (Bergquist 1990§-onflicting results were reported by different labo-

The future progress in this field depends on theatories, notably respect to the type of antigens
which yield the highest levels of resistance, a single

or cocktail antigen capable of giving significantly
increase of resistance, and whether a vaccine would
aggravate or ameliorate the granulomatous egg
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we have purified Plll components and determineghate buffer saline (PBS), and homogenized with
their capacity to induce protection against experd.5 ml of PBS. Antisera were obtained from rab-
mental infection and to elicit spleen cells prolif-bits immunized by i.m. injections of sample emul-
eration. sified with Complete Freund Adjuvant ata 1:1 ra-
MATERIALS AND METHODS Fio, and boos_ted twice, at 2-Week. intervals, with
. . identical antigen amounts but with Incomplete
_Mice and parasites Adult female BALB/C pFreund Adjuvant. Specific rabbit antibodies were
mice purchased from Centro de Bioterismo, ICBgoypled to cyanogen bromide-activated Sepharose-
UFMG, Belo Horizonte, MG, Brazil, and main- 4B, and P-24, P-35 and P-97 components were
tained under standard laboratory care, were usg@riﬁed as described by Goding (1986).
throughout this study. Cercariae®fmansoniere Immunization of mice with Pl and their puri-
obtained fromBiomphalaria glabratesnails, pre-  fied components Groups of five BALB/c mice
viously infected with miracidia of the L.E. strain, were immunized by s.c. injections ofrtgof Pl
from Belo Horizonte, Brazil. Anesthetized micep_24 p-35 or P-97 preparations, in the presence
(10/group) were exposed to cercariae on the abdgf 100ny of Corynebacterium parvurand 1 mg
men, using th_e ring method of Sm@hers and Ternyf aluminium hydroxide [AI(OH)] as adjuvant.
(1965). Vaccinated and control mice challenge@nimals were boosted twice, at 2-week intervals,
with cercariae were perfused eight weeks aftggith identical amounts of antigen, but the last in-
exposure (Smithers & Terry 1965). The protectiVgaction was done by i.p. without adjuvant.
immunity of each group was evaluated by com- \easurement of hepatic granuloma formation
paring the recovery of worms from immunized and pj|| immunized and infected mice were killed
control mice. _ o , eight weeks after challenge infection. Livers were
Antigens and mitogerg\ntigenic preparations removed and fixed with 4% paraformaldehyde in
were obtained from schistosome eggs (SEA), adylhosphate buffer. Histologic sections were stained
worms (SWAP) and cercariae (CAP), prepared agjth hematoxilin/eosin or Heidenhein’s azan
soluble supernatant fluids from buffered salingujirata et al. 1993). Only lesions with a single well-
homogenates of the respective life-cycle stagefefined egg nidus were measured. Results were
(Goes et al. 1989). PIll was obtained from SWAPexpressed as the average anae(+ S.D.) calcu-
on FPLC system (Pharmacia, Upsala, Swedeljied from 30 to 50 granulomas.
using Q-Sepharose anion-exchange chromatogra- spjeen cell preparation Single cell suspen-
phy (5 mm x90 mm glass columns packed withsions, which had been prepared from spleens of
Q-Sepharose; bead size distribution: 45-6%  normal, infected or PIIl and Plll-purified compo-
Pharmacia), as previously described by Hirsch angbnts immunized mice, were treated with Tris-
Goes (1996). Pl components (P-24, P-35, P-9Qmmonium chloride pH 7.2 to erythrocyte lysis,
were purified by affinity chromatography. Otheryashed and counted. Spleen cells were resus-
antigens used were Concanavalin A (Con-Agended in culture medium (RPMI 1640 with 20%
Sigma, St. Louis, MO, USA) and bovine serunfeta| hovine serum, 1.6% L-glutamine, 360n|

albumin (BSA, Sigma). These materials were usegk penicillin, 0.6 mg/ml of streptomycin and 0.05
based on their protein content to give maximungyg/m| of gentamycin).

response in blastogenesis assay r@6nl). All Cellular proliferation assaysSpleen cell pro-
stimulants were sterilized by filtration and storedjferation assays were done in response to Con-A,
at -70°C. P-24, P-35, P-97 and oth& mansonantigens

Sodiurdodecylsulfatpolyacrylamidegelelec-  (swap, SEA and CAP). Briefly, 7.0 xX¥@pleen
trophoresis(SDS-PAGERNnd Westerrblot - Plll,  cells were cultured in 20 of culture medium, in
affinity purified PIll components and SWAP weregg.\e|| flat-bottom plates. Every experiment was
subjected to discontinuous electrophoresis usingst yp in triplicate. Cultures were stimulated with
10% SDS-polyacrylamide gels, under reducings ny/m| of each antigen (plus control without
conditions (Laemmli 1970). Separated proteingntigen) and maintained at%®7in 5% CG incu-
were electrophorectically transferred to nitrocelyator for three days. For the last 18 hr of incuba-
lulose paper (Towbin et al. 1979) and then reactaghn, cultures were pulsed with miEi/well of tri-
with rabbit sera against SWAP and PIII (Hirsch efjated thymidine (specific activity, 37 Ci/ml; New
al. 1997). - England Nuclear, Boston, MA, USA). Cells were

Production of specific antisera-24, P-35and harvested for scintillation counting and data were
P-97 were excised from SDS-PAGE and used g$|culated as mean + S.E. of cpm values.
immunogens to produce specific antisera. For each gsyatistics: Data were analyzed statistically by

immunization, Coomassie blue-stained proteingye Student's-test with the level of significance
were cut from two to three gels, washed with phosset atP < 0.05.
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RESULTS 120 -
Immunization of mice with PIIl and its effect I Chronic infection
on hepatic granuloma formationlmmunization 3 100 [ Pillimmunized

of mice with PIII resulted in a significant reduc-g
tion in hepatic granuloma size after challenge inz!
fection (Fig. 1). The foci in livers of infected mice &
were more numerous and frequently very large
(Fig. 2A), extending up to 109 x 36m? (Fig. 1). %
Hepatic granulomas of PIIl vaccinated group pres
sented small foci and the size was reduced to 62&
108 mm? (Figs 1, 2B). The percentage of granu-§
loma reduction in these animals was 43%, signifis 404
cantly different from the control$(< 0.05).
Immunoaffinity purification of PIIl components 2
- Immunoaffinity chromatography was used tos 20
purify antigens from PIII, prepared in the absencé
of protease inhibitors. For that assay, specific ral
bit antibodies against electroforeticaly isolated PlII i — 8 10 12 14
components were coupled to Sepharose-4B. SDS-
PAGE and Western blot analysis demonstrated that

these purified antigens present M.W. of 24 kDia—ig 1: kinetics of hepatic granuloma size distribution in either
(P-24), 35 kDa (P-35), 44 kDa (P-44), and 97 kD@hronic infection or after challenge infection in Plll immunized
(P-97) (data not shown). _ -~ BALB/c mice. Animals were infected, as described in the Ma-
In vitro stimulatory capacity of purified Plll terials and Methods, sacrified 6 to 14 weeks after infection, and
Components Splenic cells from infected and PllII histological analysis of livers HE stained sections were per-

e ; ; : ormed. The size of each granuloma surrounding mature egg
and purified components immunized mice wer as measured with the aid of an ocular micrometer. Results

tested forin vitro antigen-specific proliferation. ayerage of 30 granulomasn(? + S.D.) from three animals per
Results (Fig. 3) demonstrated considerable varigroup (n = 90/group).

80

anulom

Weeks post infection

Fig. 2: hepatic granuloma photomicrographs (x 250) of BALB/c mice, eight weeks after challenge infection, in either non-immu-
nized (A) or PlIl immunized ones (B). Histological sections were stained by Heidenhein’s azan procedure.
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tion in the degree of proliferative responses, be- Immunization of mice with P-24 and P-35, and
tween the antigens tested. Crude SWAP promotéid effect on a subsequent infection witm&nsoni
strong responses of splenic cells from infected anzkrcariae- The protective effect of P-24 and P-35
immunized mice. In the same assay, spleen cellgas additionally investigated. As shown on Fig. 4,
were highly stimulated by P-35 and P-24 (Fig. 3B)the number of worms recovered eight weeks after
In additional experiments, we observed that P-9¢hallenge infection of immunized mice was sig-
was able to induce cell proliferation (Fig. 3A) asificantly reduced when compared to that observed
well as to detect other purified antigens (Fig. 3B)in adjuvant-immunized or not immunized control
animals. The immunization with P-24 and P-35
established a protection of 55% and 67%, respec-

A tively.
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Fig. 4: protective effect of P-24 and P-35. BALB/c mice were
25000 immunized with 10rg of each antigen, in presenceCafryne-
bacterium parvunand Al(OH), as described in Materials and
Methods. Worm burden was determined by perfusion of portal
system at eight weeks after challenge infection, in 5 mice/group.
% Protection = 100 - experimental/control x 100.
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In the present work we described the charac-
terization and functional properties of P-25, P-35
and P-97, purified from PIII, an antigenic protein
fraction obtained frons. mansonadult worms,

which fails to induce vigorous granulomatous hy-
Fig. 3: effect of P-24, P-35 and P-97 on cellular proliferation; L .
Spleen cells were collected from BALB/c mice infected (IN;persens't'VIty to eggs on liver, but also causes pro-

A) or immunized with SWAP (SW; A and B), Pl (A, B), P- tection against a challenge infection in mice after
97(A), P-35 (B) or P-24 (B), eight weeks after challenge infec{s.c.) immunization (Hirsch et al. 1997). Our re-
tion. Cells were incubated with 2&/ml of these antigens, for gylts demonstrated that mice vaccinated with PIlI

five days. Cultures were pulsed for the final 18 hr withriCb : - _
of tritiated thymidine and incorporated radioactivity was deter-Can alter the kinetics of granulomatous hypersen

mined. Data are reported as mean of cpm + S.E. for N = 5 fttiVity reaction to parasite eggs. Vaccinated mice
each experimental group. Controls: cells in medium = 2.505 developed hepatic granulomas lesser than unvac-
0.700 cpm; Con-A = 26.321 + 2.445 cpm. cinated controls.

4-Thymidine Incorporation (cpm + S.E.)
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These findings are in accordance to previous time and the development of portal fibroJisans R
results reported by Hirsch and Goes (1996), using Soc Trop Med Hyg 5&3-57.
anin vitro granuloma formation system, and byBef?qUiSt_R 1_920- P(fjoiple?ts ODf _Vaggga;ifn against schis-
Wynn et al. (1994) and Hirsch et al. (1997) in mice  tosomiasisscand J Infec DIs {®0-71.
in vivomodel. The ability of Plil to suppress egg-2°ulanger D, Reid GD, Sturrouk RF, Wolowezuk |,
induced hepatic gra_\nulomatous responses indicates g?lgﬁlrigﬁ’ﬂiz,eéet’;ﬁgﬁR'A‘\]l’z?g?porm':ffggft
the presence, within adult worm antigens, of sev- | myunization of mice and baboons with the recom-
eral molecules that might play a role in the modu-  pinant Sm28GTS affects both worm viability and
lation of granulomatous hypersensitivity. Based in  fecundity after experimental infection wiSithisto-
these considerations, our efforts have been to pu- soma mansoni. Parasite Immuric:473-478.
rify and identify PIIl components that are responButterworth AE 1992. Vaccines against schistosomia-
sible for the modulation of granuloma formation, sis: where do we stand?ans R Soc Trop Med Hyg
and to provide protective immunity in schistoso-  86: 1-2. _ o _
miasis. Therefore, an important strategy for imcarter CE, Colley DG 1979. Partial purificatiorSwhis-
proving vaccine efficacy is to define mechanisms 0S0ma mansorsoluble egg antigen with Com A-

- - L . Lo sepharose chromatograpldylmmunol 1222204-
of Immunity operating in a given vaccination pro- 22099

tocol and attempt to enhance the response for youp§eever AM, Finkelman ED, Caspar P, Hieny S,

parasite forms and decrease the granulomatous macedonia JG, Sher A 1992. Treatment with anti-

hypersensitivity against eggs trapped in host tis- |L-2 antibodies reduces hepatic pathology and eosi-

sue. nophilia inSchistosoma mansanfected mice while
The role of P-24 and P-35 as protective anti- selectively inhibiting T cell IL-5 production]

gens was supported by the immunization of mice. Immunol 1483244-3248.

Three successive immunizations with these anti=olley DG, Colley DM 1989. Protective immunity and

gens, in the presence ©f parvumand Al(OH), \éf;ZC|nes to schistosomiadiarasitol Today 5350-

gave a high level of resistance to a subsequent cef- =™ .

carial challenge. The parasite burden obtained @sfﬁ:rfsgﬁi S}éggg iht?gaepgogeﬁnelg?;hﬁé?\?)%mi al

liver perfusion was reduced to 55% and 67%, re- |4G2a. 3 Immunoll29 2232-2234.
spectively. Spleen cells from these mice exhibite@oding Jw 1986Monoclonal Antibodies: Principles
a strong proliferative responses to P-24, P-35 and and Pratice 2nd ed., Academic Press, London, 315
P-97, and even to PIII. It appears that PIll compo- pp.
nents are responsible for inducing heterogeneityoes AM, Gazzinelli G, Rocha R, Katz n, Doughty BL,
in cell-mediated responses. Several groups have 1991. Granulomatous hypersensitivitySohisto-
demonstrated the potential vaccinating effect of S0ma mansorégg antigens in human schistosomia-
differentS. mansorantigens and obtained several ~ Sis: !ll. In vitro granuloma modulation induced by
levels of protection (Harn et al. 1984, Smith & 'ﬂ?”ne complexeshm J Trop Med Hyg :4434-
Clegg 1985, Sher et al. 1986). Goes AM, Rocha RS, Gazzinelli G, Doughty BL 1989.
Data presented here clearly demonstrate that proqyction and characterization of human mono-
PlIl and its purified components P-24 and P-35 ¢jonal antibodies againSchistosoma mansoni
might be of help in the development of a vaccine, parasite Immunol 11695-711.
which could reduce worm burden and contribut&larn DA, Mitsuyama M, David JR 198%chistosoma
to inhibit the pathology resulting from egg deposi- mansoni anti-egg monoclonal antibodies protect
tion. against cercarial challenge vivo. J Exp Med 159

A recent report on vaccines against schistoso- 1371-1387. , ,
miasis (Butterworth 1992) showed that certain agiam DA, Danko K, Quinn JJ, Stadecker MJ 1%¢his-
pects of host immune response were important on Epsoma Im%ns?_ntlhehhost 'tmmet‘.e res?ons”e Iegg arg
the evaluation of the usefulness of schistosomiasis 2o > - Faria charactenzaton of cemuiar an

. Wh ; ied | . h hummoral responses to pl fractions of soluble egg
vaccines. en vaccines were tried in mice, the antigensJ Immunol 1422061-2066.

final result was always that a few organisms fronyarn pA, Mitsuyana M, Huguenel ED, Oligino L, David
challenge infection developed into adult worms. JR 1985. Identification by monoclonal antibody of
Because adult worms do not divide, any candidate a major (28kDa) surface membrane antigeBasfis-
antigen capable of reducing the number of worms tosoma mansonMol Biochl Parasitol 16345-354.
and the granuloma size in human would be benefilirata M, Takushima M, Kage M, Fukuma T 1993. Com-

cial (Colley & Colley 1989, Butterworth 1992). parative analysis of hepatic, pulmonary, and intesti-
nal granuloma formation around freshly I&dhis-
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